The chemical mechanism whereby plants respond to modifications in environment resulting in alterations in morphology has on the whole remained obscure. However, whatever the cause, it is clear that each change in environment may result in the appearance of a whole aggregate of symptoms characteristically specific for each condition. No change in environment can be said to cause only a single symptom. Though individual symptoms may to some extent resemble each other with various environmental variations, the aggregate of symptoms is usually characteristic of each particular environment and plant in question.
Introduction
The chemical mechanism whereby plants respond to modifications in environment resulting in alterations in morphology has on the whole remained obscure. However, whatever the cause, it is clear that each change in environment may result in the appearance of a whole aggregate of symptoms characteristically specific for each condition. No change in environment can be said to cause only a single symptom. Though individual symptoms may to some extent resemble each other with various environmental variations, the aggregate of symptoms is usually characteristic of each particular environment and plant in question.
The work discussed herein consists of studies on the chemical mechanism of symptom production in frenching and mineral deficiency of tobacco. The well defined aggregate of symptoms characteristic of these particular environments afford very favorable material for a study of the chemical mechanisms underlying morphological change.
The condition of tobacco known as frenching is a well known deformity. Growth of the terminal bud of the plant slows or stops and the slowly expanding new leaves develop a network type of chlorosis. In an extreme form the newly developed leaves become strap shaped because of the failure of the lamina to expand. Growth of axillary buds then starts but results only in the formation of similarly strapped leaves. Stem elongation whether of the main axis or of axillary branches is greatly inhibited in an extreme case.
STEINBERG (12) found that diffusates from numerous bacterial strains ordinarily present in soil are capable of causing changes in morphology of tobacco seedlings grown in aseptic culture. These alterations were in some cases suggestive of, but were not identical with, frenching in the field. Other experiments with amino acids in aseptic culture (11) (13) revealed that slightly excessive quantities of these and other natural metabolic compounds each caused the production of specific symptom complexes in tobacco seedlings. The conclusion naturally drawn was that release of excessive quantities of free amino acids into the tissues was a probable causative chemical factor in the production of morphological symptoms in the plant. Individual leaves (25-100) from as many plants as conditions would allow were selected in sampling. The midribs were removed and the lamina quickly dried in a forced draft cabinet at 60-65' C. In the selection of samples both the position of the leaf on the plant and the age of the plant were taken into consideration, the age being based on time of flowering. In preparation for analysis the oven dried material was ground to pass a 40-mesh sieve and preserved in tightly stoppered containers. The method outlined by GARNER, BACON, BOWLING, and BROWN (2) was used for the determination of aminlo acid nitrogen. A correction for the content of moisture and soil material in the prepared sample was applied to the analytical data.
In barest essentials the analytical method consisted of the coagulation and removal of protein nitrogen with dilute acetic acid and heat, removal of amide and ammonia nitrogen by hydrolysis with 1.08 N-H2SO4 followed by distillation with 10% NaOH and determination of a-amino nitrogen by the Van Slyke nitrite method. The value for a-amino nitrogen in the residual solution so obtained corresponds to the number of amino acids present except that lysine gives a two-fold value, and proline and hydroxyproline fail to react.
Total a-amino nitrogen wag determined in a similar manner except that 6.0 N-H2S04 was used for hydrolysis instead of 1.08 N-112SO4 in order to hydrolyze peptide, peptone, and proteose (17) . Total a-amino nitrogen might also be called non-protein, a-amino nitrogen. Presumably it is an approximate measure of the sum total of units used in the synthesis and break-down of proteins present at the time of sampling.
FREE AMINO ACIDS IN FIELD PLANTS SHOWING SYMPTOMS OF FRENCHING OR MINERAL DEFICIENCY
The analytical data for field plants has been arranged according to the crop year. The samples dated as 1936, 1940, and 1945 (table I) were obtained for the study of other factors than those here under consideration (1) , and prior to the time this study was begun. It will be noted that of the samples collected in 1936 and 1940, the plants were grown with a wide range in quantity of a potash fertilizer application. Definite symptoms of potash deficiency were noted where no potash was applied. Symptoms in 1940 were apparently more severe than in 1936 but seem to have been confined to the leaf tips and adjacent margins. Total free amino acid nitrogen did not vary from the controls in either year according to these data-a result which will be discussed in connection with the figures for later analyses.
The The values for total nion-protein, a-amino nitrogen parallel those for free aminio nitrogen. They permit the computation by difference of nonprotein combined a-amino nitrogen, which is relatively much smaller than the free a-amino nitrogen found. These values are presumed to include all non-protein a-amino nitrogen present in peptide, proteose, peptone, proline, and hydroxyproline. The nitrogen of the a-amino group of lysine, however, appears in the free a-amino nitrogen value.
The free a-amino nitrogen was approximately 76.7 to 100.0% of total non-protein a-amino nitrogen. The smallest value was given by plants where chloride was omitted from the fertilizer, the highest value with roots from normal plants. The other values can be readily computed. Their sigynificance is not certain, since the variations were relatively small.
The last two rows deal with data obtained on the roots of frenched and normal plants. Only a slight difference in a-amino nitrogen (10.2%o) was found. Greater weight should probably be assigned this difference than its magnitude would seem to demand, inasmiiuch as the normal plant was in process of forming frenched suckers and the frenched plant of becoming normal (suckers). It seems reasonable to assume that a comparison between better defined samples would show a definitely greater difference in free a-amino nitrogen. Discussion Further verification of the postulated free amino acid mechanism of symptom production in the tobacco plant is afforded to some extent by the analytical data on plants suffering from mineral deficiencies. In every case except perhaps boron, and nitrogen, the symptoms of mineral deficiency were paralleled by large abnormal increases in the free amino acids of the leaf tissues.
These exceptions may of course be due to the toxic accumulations of metabolites not containing a-amino nitrogen (13) . Other explanations also exist however. One such is that the symptoms of boron deficiency were too mild and that too much normal tissue was included in the analytical samples. Plants with moderate minus boron symptoms (table II) 
